JEuropaisches Patentamt 
European Patent Office 'Jp Publication number: 0 016 623 

Office europ6en des brevets B1 

EUROPEAN PATENT SPECIFICATION 

(g) Date of publication of patent specification: 28.12.83 ^ Int. CI. 3 : C 08 F 8/44, D21 H 3/38 
@ Application number: 80300796.2 
@ Date of filing: 14.03.80 



@ Water-soluble polymers containing quaternary ammonium groups, a process for their production and 
their use in improving the wet strength of cellulosic substrates. 



<o 

5 

o 

CL 
III 



Priority: 19.03.79 US 21414 


@ Proprietor: MONSANTO COMPANY 




Patent Department 800 North Lindbergh 




Boulevard 


Date of publication of application: 


St. Louis, Missouri 63166 (US) 


01.10.80 Bulletin 80/20 




@ Inventor: Van Eenam, Donald Neil 


Publication of the grant of the patent: 


767 Oak Valley Drive 


28.12.83 Bulletin 83/52 


Des Peres Missouri 63131 (US) 


Designated Contracting States: 


@ Representative: Clarke, Murray Frederick et al. 


BE DE FR GBNLSE 


Monsanto Europe S.A. Avenue de Tervuren 270- 




272 Letter Box No 1 




B-1150 Brussels (BE) 


References cited: 


EP-A-0006 360 




US-A-3702 799 





Note: Within nine months from the publication of the mention of the grant of the European patent, any person may 
give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall 
be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been 
paid. (Art. 99(1 ) European patent convention). 



Courier Press. Leamington Spa, England. 



0016623 

Water-soluble polymers containing quaternary ammonium groups, a process for their production and 
their use in improving the wet strength of ceilulosic substrates 

This invention relates to novel additives for the production of wet strength in ceilulosic substrates. 

Untreated paper is essentially a mass of ceilulosic fibers held together by their physical contact 
with adjacent fibers and by hydrogen bonding between hydroxy! groups on the ceilulosic polymer 
chains. Where such paper is placed in water the forces holding the fibers together are dissipated and 
5 the structure rapidly loses its coherency. This is a phenomenon that is familiar to all. 

For some applications this behaviour of wet paper is unsatisfactory as for example when the 
paper is used to prepare kitchen towels, facial tissues, diaper liners, or hand towels. Accordingly, 
additives have been developed to Improve the "wet strength" of such sanitary paper. Such additives are 
usually applied in such a way that they absorb onto the fibers of the paper and cure there such that the 
to fibers are in effect bonded together by the cured additive at the interfiber contact points. 

DISCUSSION OF THE PRIOR ART 
The wet strength additives of the prior art have taken a number of forms but perhaps the most 
successful group have been based on the reaction of amines with epihalohydrin, usually 
15 epichlorohydrin. The amines are usually described as polyamines and this term as used embraces 
polymers with a plurality of amine groups and "monomers" such as hexamethylene diamine or 
iminobispropylamine that comprises more than one amine group as well as "(pre)polymer 
condensates" prepared therefrom through the use of co-reactants such as a. <u-dihaloaikanes, and 
acrylic esters. For purposes of clarity polymers having a degree of polymerization in excess of 5, 
20 comprising a plurality of amine groups will be referred to hereafter as "amine polymers" and it is this 
group particularly that have provided most of the commercially successful wet strength additives. - 
In the above wet strength additives a portion of the amine groups has been converted into epi- 
substituted amines, that is to say to produce amine groups with the structure: 

* \ \ 

^N— CH 2 — C H— CH 2 or N — CH 2 — CH — CHjX 

0 7 OH 

30 or the quaternary equivalent thereof. 

The first form is the so-called "activated" form and the second the "stabilized" form. Which is 
present depends largely on the pH of the aqueous resin solution. 

The generally accepted mechanism for the development of wet strength in such systems is via 
intra/inter-molecular polycondensation crosslinking reactions between free amine groups and amine 
35 groups bearing a halohydrin or epoxy substituent or their quaternary equivalents, all present in the 
polymer structure. 

It would appear that in such systems, the amine groups bearing the epoxide radicals react with 
other non-quaternized amine groups to form crosslinks having the structure: 

40 \ / 

N— CH 2 — CH — CH, — - 

/ ! \ 

OH 

45 or, where the epoxide-bearing amine group is quatemized and is reacted with a tertiary amine: 

— N e — CH 2 — CH — CH- — ®N— 
| Ae\ 
so OH 

where A e is any suitable anion. This same type of reaction (and reaction sequences leading to the 

reactant producing such crosslinks) is believed also to contribute substantially toward viscosity build-up 

during the preparation of conventional wet strength additives. 
55 Wet strength additives of this sort are typified by U.S.P. 3,855,158 which describes amine 

polymers, formed by reaction of a a,tw-diamine such as hexamethylene diamine with a a,a>- 

dihaloalkane such as 1 ,2-dichloroethane, which are then reacted with epichlorohydrin. 

The above types of amine polymer comprise for the most part a mixture of primary, secondary and 

tertiary amine groups. However, there are other types wherein all the amine groups in the polymer that 
so are subsequently reacted with the epihalohydrin are tertiary amines and it is to polymeric additives 

produced by the reaction of epihalohydrins with such polyttertiary amines) that this invention pertains. 
One group of such additives is obtained by the reaction of epichlorohydrin with the polymer 
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formed by the polymerization of N-methyl diallylamine and is described in U.S. Patents 3700,623, 
3,833,531 and 3,840,504. 

Another type is that described in U.S. Patents 3,694,393, 3,702,799 and 3,842,054. These 
patents describe the reaction product of an epihalohydrin with a dimethylaminoalkyl (meth)acryiate 
5 ester. 

Whatever the chemical structure of the above amine polymers they all appear to gel rapidly by the 
crossiinking reaction described above between quaternized amine groups bearing an epoxide group (as 
a result of reaction with the epichlorohydrin) and remaining non-quaternized tertiary amine groups in 
adjacent molecules. The reaction is triggered by raising the pH of the polymer solution to a level of 
to about 1 1 — 13, thereby activating the polymer. Such polymers are water-soluble, cationic and rapidly 
thermosetting. 

The production of such polymers in alkaline solution must therefore be carefully monitored since 
the viscosity can build very rapidly with consequent gelation. Obviously, this is undesirable since for 
maximum effectiveness the polymer is preferably added as an aqueous solution to the "wet end" of a 

is paper machine producing wet strengthened grades of paper. The formation of gel at any time prior to 
wet web formation is usually unacceptable because it is inefficient and because of the process 
complications such gelation would cause both during and following activation, especially in the system 
transporting the activated polymer to the point at which is is added to the substrate. 

To avoid gelation during synthesis or manufacture, the conventional amine/epihalohydrin 

20 additives are prepared in alkaline solution but, as soon as the viscosity begins to rise rapidly toward 
incipient gelation, acid is added to short-stop (or "kill") the viscosity building reaction and the solution 
is diluted to a lower solids level to further reduce the tendency to gel. This final stage needs careful 
control and is an expensive part of the process. 

Reactions of the above type are relatively rapid and conventionally the conditions are such that a 

25 sizeable proportion of the epihalohydrin added is lost through side reactions which do not result in the 
epihalohydrination of tertiary amine groups. It can be seen that when the epihalohydrin is used up and 
the reaction terminates there will be a substantial proportion of non-quaternized amine groups 
remaining and that these wilt react with glycidyl quaternary ammonium groups to produce rapid 
gelation. By adding acid the epoxide groups are converted to halohydrin groups which are very much 

^0 more reluctant to undergo the crossiinking reaction. However, directly the pH is raised to a level at 
which the polymer is once again activated, the tendency to rapid gelation returns. 

It has now been found that if essentially all the amine groups have been converted to glycidyl 
quaternary ammonium groups, the reaction leading to gelation is not able to take place and the solution 
becomes stable for prolonged periods even at a pH of 11 or more. In fact, if all amine groups have been 

35 efficiently converted in this way, a 5 — 1 5% solids aqueous solution will not gel for several hours or 
even days after activation at a pH of 1 1 or more. In contrast the products disclosed in the prior art have 
a gel time that is counted in minutes. The completeness of epihalohydrination of a polymer containing 
only tertiary amine groups is therefore best judged by the time it takes the resultant polyglycidyl 
quaternary ammonium salt to gel. This was not heretofore appreciated and a number of patentees have 

40 described their products in terms implying that quaternization by epihalohydrination had been 
completed. In fact, however, as is readily shown, the processes described lead to a polymer containing 
a mixture of tertiary amines and glycidyl quaternary ammonium groups that gels comparatively quickly 
at high pH. Examples of such patents include U.S. Patents 3,694,393; 3,842,054 and 3,702,799. 
In US — A — 3 702 799 it is said that the reaction of the epihalohydrin and the polymer salt may 

45 be effected at room temperature to about 80°C. It is also said that if polymers containing the 
functionality 



50 



-CH Q -C(R)- Cl-L OH 

2 I U 3 I 

C(0)0-A-N-CH 2 CH-CH 2 X 
55 wherein 

R is hydrogen or methyl, X is chlorine, bromine or iodine, and A is a (C 2 — C e ) alkylene group group 
having at least two carbon atoms in a chain between the adjoined 0 and N atoms or A may be a 
polyoxyethylene group of the formula 

so (CH 2 CH 2 0)„CH 2 CH 2 

wherein 

x is 1 to 1 1 or more, and Y is an anion, are diluted to very low solids (2 — 10%) in water at 
5 — 50°C, then the pH may be raised to 9 — 1 2 without gelation. The polymer so obtained is stable for a 
65 limited amount of time at low solids (2 — 10%) even though such a polymer cannot be stored 
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indefinitely without gelation or loss of functionality. 

It has now been found that the reactions by which the quaternary polymers are formed are 
extremely temperature dependent and that under the conditions described in the prior art, a completely 
quaternized polymer cannot possibly be formed. 

For the sake of brevity, all polymers in which substantially all amine groups therein are 
quaternized and bear an epoxide group or a group generating an epoxide in alkaline solution are 
hereinafter referred to as "perepiquat" polymers. They can be regarded as the products of the 
exhaustive perepichlorohydrination of polymers containing a plurality of pendant tertiary amine groups. 

The perepiquat polymers are themselves sensitive to temperature, especially after they have been 
activated at a pH of about 1 1. It is believed that this is a reflection of the occurrence of temperature 
dependent intramolecular rearrangements generating species capable of rapid reaction with other 
glycidyl quaternary ammonium groups to produce a highly crosslinked intermolecular structure. 
Regardless of any theory involved, it has been found that genuinely fully quaternized polyjtertiary 
amines) are characterized by very great resistance to gelation at temperatures below about 25°C, even 
at high pH levels. Such polymers have extraordinary utility as. inter alia, wet strength additives for 
application to paper substrates. The better representatives develop more wet strength than the best 
available commercial additives applied at twice the application level. 

The process for the production of perepiquat polymers described herein also has the advantage 
that it does not require "short stopping" by very rapid acidification and dilution such that the polymers 
can be produced at reduced cost and handled more easily. 

Since the perepiquat polymers are very pH-stable even after activation, they may be applied in 
solution at the "wet end" of a paper-making machine in much higher concentrations than has hitherto 
proved possible without seriously exacerbating the problem of premature gelation. This means that the 
ever-present fear of gelation in the transfer lines and tanks which is so common with conventional- 
additives, especially if the machine has any prolonged "down-time" for any reason, is ail but eliminated. 

Despite their great stability to pH variations perepiquat polymers cure extremely rapidly in paper 
during the drying cycle, even under mild conditions. It is found that, using Noble and Wood handsheets 
in the laboratory, very high "off-machine" cure is obtained. 

A further advantage is that perepiquat polymers may be used in conjunction with various 
commercial amine polymer/epihalohydrin additives to achieve any desired level of wet-strength. Thus, 
for example, they can be used to boost the wet-strength for any particular paper making run simply by 
adding the required amount to the regular wet-strength formulation without the need for equipment 
down-time before the high strength run is made. 

Still another advantage of the perepiquat polymers is their utility as additives for such light basis 
weight products as facial tissue and towelling where low additive levels are preferred. 

DESCRIPTION OF THE INVENTION 
The invention comprises a process for the production of a water soluble, cationic, thermosetting 
wet strength additive which comprises reacting at a temperature of 20°C. or less an epihalohydrin and 
polymer comprising a backbone formed of repeating segments at least 10% of which comprise an 
amine group and/or partial salts thereof substantially all of said amine groups being tertiary amine 
groups pendant from the backbone and having the structure 

. . Q r N ~ Z [I] 

where ~ Z is the number of bonds through which the nitrogen is linked directly or indirectly through a 
hydrocarbyl radical, to the backbone; ~ Q is the number of bonds by which the tertiary nitrogen is linked 
to groups selected from methyl and an alkylene group that, together with the nitrogen, provides a 
heterocyclic group, with the limitations that Q is an integer from 0 to 2 and Z + Q is always 3; the ratio 
of epihalohydrin groups to tertiary amine groups reacted being greater than the transition ratio (as 
hereinafter defined) for the reaction conditions selected. 

As was indicated above this process produces polymers that are quite different from those 
obtained using prior art processes and this difference is manifested primarily by the gel time of the 
polymers. Thus, while polymers having the above formula have been described, the reaction conditions 
described by the disclosers are such that in fact the transition ratio was not reached and the polymers 
obtained were not perepiquat polymers. The invention therefore also includes polymers which, on the 
evidence of their gei time, are indeed true perepiquat polymers. 

The present invention therefore also comprises a water soluble cationic thermosetting polymer 
comprising a backbone formed of repeating segments at least 1 0% of which comprise an amine group, 
wherein 

A. substantially all the glycidyl quaternary ammonium containing groups are pendant from the 
backbone segment and have the structure 
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Q~N<&— R 



5 where — Z is the number of bonds through which the quaternary nitrogen is linked directly, or indirectly 
through a hydrocarbyl radical, to the backbone segment; ~Q is the number of bonds by which the 
quaternary nitrogen is linked to groups selected from methyl and alkylene group that together with the 
nitrogen, provides a heterocyclic group, with the limitation that Q is an integer from 0 to 2 and Z + Q is 
always 3; and R is selected from 

jo 

0 

^H 2 — ChCcH 2 — CH 2 — CH(OH) CH 2 X, 

15 where X is a potential anion; and 

B. a 10% solution of the polymer in water at 25°C. and a pH of 1 1 does not gel for at least 10 

h ° UrS |t is understood that, under acidic conditions, the epoxy structure adds the elements of H + X H ~, (X H 
is a halogen), to give a halohydrin structure which in turn will regenerate the epoxy structure when the 
20 pH is raised above 9. Polymers in which substantially all the 2-hydroxy-3-halopropyl substituents on 
the quaternary ammonium groups therein are converted in alkaline solution to the glycidyl quaternary 
ammonium structure described above, are likewise considered to be within the purview of this 
invention. The polymers in alkaline solution are said to be "base-activated" and cure more rapidly and 
fully than their corresponding non-activated halohydrin counterparts. 

The polymers are described as being water soluble but this should not be taken as necessarily 
indicating a total solubility at all concentrations. Indeed, it may be appropriate, with certain polymersof 
the invention, to add them to the substrate to be treated in the form of emulsions or dispersions. The 
term "water-soluble" then is to be taken as indicating at least a limited solubility in water and a 
character that is hydrophilic rather than hydrophobic. ,. . : 

The invention further comprises a process for improving the wet strength of a fibrous cellulosic 
substrate which comprises applying to the substrate the base activated perepiquat polymer described 
above and allowing the polymer to cure in contact with the substrate. 

It is an important feature of the process of the invention that the epichlorohydnnation reaction 
temperature is not higher than 20°C. The perepiquat polymers are most sensitive to temperature as 
they are being formed and, at least during the time in which the major proportion of the reaction is 
taking place, the temperature must be maintained at 20°C or below, and preferably from -5 to 20 C. 
Preferred maximum temperatures during the reactions are below 1 5°C. such as about 1 0°C. or lower. 
Generally, the major proportion of the reaction occurs in the first 3 or 4 hours and after about 4 hours or 
more preferably after about 12 hours of the reaction, it is permissible to allow the reaction temperature 
to increase to ambient temperatures or even higher. For short periods, the temperature can be raised as 
hiah as 40°C. if the reaction is essentially complete. There is however, little advantage in raising the 
temperature during the later stages of the reaction since, as has been indicated above, the perepiquat 
polymers are somewhat temperature sensitive and apparently undergo changes at temperatures above 
about 25°C, especially at pH levels of about 1 1 or more to a composition that behaves in a manner 
45 similar to prior art polyamine/epihalohydrin reaction products. The speed of this change and therefore 
the permissible time that may be spent above 25 °C. depends on the extent to which the 25 c. 

^S^^ on the amine group not being part of the polymer chain is significant. It 

would appear that the environment of an amine group that is to be reacted with the epihalohydnn is 

so important because attempts to form perepiquat polymers from certain amine polymers with amine 
groups in the chain (intralinear amine groups) often results in rapid gelation. This apparently reflects a 
greater resistance to epihalohydrination of such intralinear amine groups, by companson with known 
polymers with extra-linear tertiary amine groups, with the result that there are many potential groups 
wKh which the glycidyl quaternary ammonium groups can react to form crosslinks leading to gc Ration 

55 Snce this gelation reaction is a faster reaction than the epichlorohydrination itsert there 'tends to be a 
Tapid build up of viscosity during the production phase once substantial numbers of glycidyl Q«ateniary 
ammonium groups have been generated, and rapid gelation ensues. The differentiating factor as 
indicated above, is believed to be steric but, irrespective of the theory involved, such >^hnear amm^ 
groups should be substantially absent if the polymeric additives of the invention are to be obtained. 

so When the polyamine comprises pendant amine groups having two or more different steric 

environments, this too can result in different reactivities towards the epihalohydrin reactant and 
possibly some degree of side reactions may take place. It is therefore, preferred that all pendant amine 
groups in the polyamine have substantially the same reactivity towards epihaiohydrins. 
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THE TRANSITION RATIO 
As indicated above, if an amine polymer in which substantially all of the amine groups present are 
pendant tertiary amines or their corresponding salts is reacted with an epihalohydrin under traditional 
molar and/or equivalent ratios of epihalohydrin to amine groups (E/A) and temperatures, the alkali 
5 metal hydroxide activated polymer solution will gel in a matter of minutes at concentrations of about 
10%. 

It has now been found that if the E/A ratio is increased, the reaction temperature is kept at 20°C. 
or below and the reaction conditions remain otherwise unchanged, a point is reached at which the time 
to gelation of the polymer product increases enormously, often by two or more orders of magnitude, 
10 over a very small change in E/A. 

The "transition ratio" is defined as the E/A at which the gradient of the graph of gel time against 
E/A goes through a maximum. 

The variation of gel time with E/A is graphically illustrated in Figure 1 of the drawings, attached 
hereto to facilitate the understanding of the above definition. The graph represents a plot of gel time (on 
15 a logarithmic scale) in minutes against the E/A ratio (linear scale). To obtain the graph 1 0% solutions of 
poly(N-methyldiallylamine) HCI salt/epihalohydrin condensate polymers made using different E/A ratios 
and each caustic-activated to a pH of 1 1 to 1 2.5 or more, were observed to determine the time for the 
reaction mixture to gel (gel time) at ambient temperatures and this time was plotted against the E/A 
ratio used. The polymers were formed under identical temperature gradients beginning with an initial 
20 temperature not greater than 10°C. 

As can readily be seen after a period of slow increase in gel time there is a rapid jump from 1 0 to 
1000 minutes over a range of E/A from 1.58 to about 1.62 before the rate of increase begins to slow 
down. The maximum rate of increase occurs at an E/A of about 1 .60 and this is the "transition ratio" for, 
that particular system. 

28 it is found that the transition ratio depends on both the nature of the polymer to be reacted with 
the epihalohydrin, the reactivity of the tertiary amines or salts thereof and steric factors associated with 
the tertiary amine functional group. 

The transition ratio is also greatly dependent on the reaction conditions. As can be appreciated by 
monitoring the dichloropropanol by-product obtained after the amine polymer/epichlorohydrin reaction, 
30 some conditions are extremely wasteful of the epichiorohydrin reactant. Thus the pH level; the reaction 
temperature; the concentration of amine polymer in the solution; the polyamine molecular weight 
and/or structure; the anion species and/or its concentration; the length of the reaction; and the 
solubility parameters of the reactants (especially the epihalohydrin); all affect the efficiency of usage of 
the epichiorohydrin reactant and therefore change the effective E/A ratio. The use of a halide salt of the 

35 amine polymer also results in wastage of epichiorohydrin, as is conclusively shown in 
US — A— 4 222 921 , and this leads to a lower effective E/A ratio than that calculated on the basis of 
the reactants used. The effective E/A ratio can also be affected by the presence of unreacted amine 
monomer after the polymerization process. 

The transition ratio is particularly dependent on the temperature of the reaction and indeed it 

40 appears that above about 30°C. the transition ratio cannot be reached no matter how much the ratio 
of epihalohydrin added to amine group content is raised. For efficient use of the epihalohydrin reactant 
it is important that the temperature of the reaction, particularly during the early stages when the major 
proportion of the quaternization reaction takes place, be maintained at 20°C. or below such as from —5 
to 20°C. and preferably around 10°C, 

48 Thus, in summary, the transition ratio is a characteristic of the specific reaction by which the 

perepiquat polymer is made. In practice the reaction conditions preferred for the process of the 
invention are such that permit the most efficient use of the epihalohydrin reactant. This conventionally 
means operating at a pH of between 7.5 and 9.5 and more preferably between 8 and 9. However, for 
very reactive polyamine intermediates the reaction may require moderating by a reduction of the pH to 

so about 4 to 7. This has the effect of increasing the amine salt concentration at the expense of the free 
amine groups thus raising the apparent E/A ratio which of course is calculated on the basis of free or 
theoretical amine equivalency. The reaction will be self-sustaining since each amine reacting will 
generate a hydroxy! ion that will in turn free another amine group for reaction. 

Other preferred conditions include a reaction temperature of between about —5 and 20°C. and 

58 preferably from 5 to 15°C; and a total solids percentage figure for the reaction of between 10 or 
preferably 20 and 50% and most preferably 25 — 35%. The transition ratio in practice defines the 
minimum E/A that will permit generation of a perepiquat polymer and also indicates the efficiency of 
the usage of the epihalohydrin in the reaction. Thus, the lower the transition ratio, the more efficient is 
the utilization of the epihalohydrin. The preferred transition ratio is less than 1 .8 and, more preferably 

60 still, below about 1.5. 

The preferred conditions for the process of the invention are those which result in an 
epihalohydrin conversion figure of at least 60% (calculated as shown in Table 1 below) and most 
preferably at least 70%. - - - 

As will be appreciated the theoretical value of the E/A ratio for formation of perepiquat polymers 

65 is 1.0. However, as indicated above the reaction of the epihalohydrin with the amine is not the only 
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reaction that can occur during epihalohydrination. The chief competing reaction is with free halide ion 
in the presence of water to produce the two isomeric dichloropropanols but other byproducts can 
inciude 3-chloro-1,2-propane diol, glycidol, and glycerol. 

If therefore, the E/A ratio charged is multiplied by the percentage conversion of the epihalohydrin, 
the new ratio, called herein the E/A (effective), should approximate 1 if in fact a peripiquat polymer is 
obtained. As will be seen from the Examples hereinafter presented this is indeed found to be the case. 

THE POLYMERIC ADDITIVE 
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The perepiquat polymers of the present invention are formed by the reaction of an epihalohydrin 
with an amine polymer wherein substantially all the amine groups in the polymer are extralinear tertiary 
amines which are not part of the polymer chain or backbone. 

Typical examples of amine polymers that can be used to produce the perepiquat polymers inciude 
polymers and copolymers of N-methyldiallylamine which contain the repeating group: 



20 



25 



30 



35 



•CH CH- 



CH- 



CH„ 



CH, 



-CHr 



and the corresponding polymers or copolymers where an N-substituted diallyiamine is used. 

In polymers such as the above in which "Z", (the number of bonds linking the nitrogen atom 
directly or indirectly to the polymer backbone), is 2 and the nitrogen is part of a cyclic group the 
"backbone" portion of the cyclic group is taken as being the shortest route around the group in 
accordance with the conventional usage. 

Other preferred polymers are typified by those having repeating units with the structure: 
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J p where p is an integer of 1-3. 



50 



CH 2 CHO 

■3- 



CH. 



55 



N(CH 3 ) 2 



60 



65 



1 



0016623 



-E- 



CH 2 - C(CH 3 ) - 

C - 0 

I 

0 ~ V 4 - N(CH 3>2 : 



/5 



20 



25 



30 



35 



40 




and similar homologous units. 

Yet other amine polymers are those formed by polymerizing (including copolymerizing) the 
following monomers 

C 3 O 

I II 

CH 2 =C— CNH(CH 2 ) 3 N(CH 3 ) 2 ; 

CH 2 = CH.N(CH 3 ) 2 ; CH 2 = CH— CH . CH — N(CH,) 2 ; 
CH 2 = CHOCH 2 CH 2 N(CH 2 ) 2 ; 3 2 



N 

CHo - CH 



CH - CH 0 ; and 



N CH„-N 
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as well as homologues of such monomers. 

In each case the perepiquat polymer is formed by reacting the tertiary amine-group containing 
polymer as its partial salt with epihalohydrin at temperatures below 20°C. under such conditions that 
substantially all the amine groups are quaternized by alkylation with epihalohydrin. 

The amine polymers used in the invention are generally homopolymers but in many cases the 
presence of up to 90% molar of a comonomer which does not adversely affect the water solubility of 
the polymer can add specific advantageous properties to the polymeric additive. These can be chemical 
and/or physical In nature, and can ultimately convey either enhanced paper properties such as softness, 
tear resistance, absorbancy, creping, printability and the like; or they can facilitate the paper production 
process by enhancing drainage, fines retention, dye receptiyity, Yankee drier release and/or adhesion 
characteristics and resistance to foam generation. The use of such monomers to form copolymers with 
the above amine monomers are therefore also within the purview of the invention. 

The comonomers that can be used to produce the perepiquat polymers as indicated above should 
not be such that the water solubility or emulsifyability characteristics of the polymer are lost. In addition 
to that limitation, it is only required that in the case of vinyl, allyl and related monomers which undergo 
anionic, catlonic or free radical polymerization, the comonomer contain one monoethylenically 
unsaturated group capable of copolymerizing with the unsaturated group of the tertiary amine or 
tertiary amine salt monomer. Suitable groups of comonomers among the many available include mono- 
unsaturated acids such as acrylic acid as well as the esters, nitrile and amide derivatives of such acids; 
mono-unsaturated alcohols and esters of such alcohols; mono-unsaturated ethers and ketones; and 
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mono-unsaturated hydrocarbons (though below levels which would make the polymer water insoluble 
as indicated above). Other acceptable mono-unsaturated monomers include vinyl esters, amides, 
lactams and ethers. 

The essential characteristic of the cationic thermosetting polymers when used as wet strength 
additives is that they are water soluble and that substantially all the original tertiary amine groups 
present have been converted to quaternary groups with an epoxy substituent. The only other practical 
limitation involves the ability of the comonomer to copolymerize with the monomer bearing the amine 
group through a mechanism not involving the amine group. Generally both monomer and comonomer 
should respond to a common initiating catalyst or catalyst system. 

The perepiquat polymers are obtained by the reaction of such amine polymers with an 
epihalohydrin. This may be for example epichlorohydrin, epibromohydrin or epiiodohydrin but in practice 
the one most often preferred is epichlorohydrin. 

USE OF POLYMERIC ADDITIVE AS WET STRENGTH ADDITIVES 

The perepiquat polymers can be applied to a fibrous celiulosic substrate either at the wet end, i.e. 
to an aqueous slurry of the celiulosic fibers or they can be sprayed onto a celiulosic fiber web. Size 
press addition is also a feasible alternative. The treated substrate is dried and then cured by heating for 
a brief period, usually less than 1 0 to 15 minutes at about 90 — 1 00°C in an air-circulating oven. Under 
actual paper mill conditions, where contact time between wet felt-pressed web and "Yankee" or can 
driers is in the order of seconds, efficient curing nevertheless occurs. The time required for development 
of good strength is therefore quite short. 

Other additives commonly used in the production of paper such as alum, pitch dispersants, dry 
strength resins, starches, gums, softening agents and Yankee release and coating aids, may be added 
before or after the wet strength additive of the invention providing there is no interaction between the 
two that would affect the thermoset curing mechanism. 

The levels of perepiquat polymer addition are nearly always very much lower than those typically 
used with prior art polymers to obtain a similar level of wet strength, often only half the usual amount 
being required. As a guide the polymer can be added at a level of from 0.5 to 20, but preferably 2 to 1 0, 
kilos per metric ton of substrate weight and still give excellent results. This feature is very dramatically 
illustrated in the accompanying Examples presented below. 

In the alternative embodiment the perepiquat polymers may be used in conjunction with a wet 
strength additive of the conventional kind produced by the reaction of an epihalohydrin with a 
polyamine at an E/A ratio below the transition ratio. This has the effect of boosting the effectiveness of 
the conventional additive to a level intermediate between its usual level of performance and that 
available using the perepiquat polymer alone. The proportions of the two components are 
conventionally in a weight ratio of from 90:10 to 10:90. Alternatively a compound comprising a 
plurality of amine groups may be used, in the same proportions, in place of the conventional wet 
strength additive. The amount of such mixture used to convey wet strength to a celiulosic substrate can 
be, for example, from 2 to 20 kilos/metric ton. 

DESCRIPTION OF THE DRAWINGS 

Figure I is a graph of gel time (on a logarithmic scale) against E/A for the polymers produced by 
reaction of poiy(N-methyldiallylamine) hydrochloride with epichlorohydrin. 

Figure II is a plot of E/A (effective) against the gel time using the data from Figure I adjusted to E/A 
(effective) as opposed to E/A as charged. 

Figure III is a similar graph to that of Figure I except that the polyamine is po ly{ vinyl be nzyldi- 
methylamine)hydrochloride. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 
The invention is further illustrated by reference to Examples which describe the production and 
testing of various perepiquat polymers and compares the results obtained with other compositions that 
do not fall within the definition of this invention. 

Example 1 

This Example describes the preparation of a typical wet strength additive according to the 
invention. This method is adaptable to the production of other additives with suitable adjustments of 
charge quantities and perhaps reaction times. 

The amine polymer used as the basis for the reaction is a poly(N-methyldia!lyl- 
amine.hydrochloride salt) from which unreacted monomer has been removed, and the epihalohydrin is 
epichlorohydrin. 

A charge of 184.64 g (0.500 amine equivalents of partially caustic soda-neutralized polyamine 
salt, 80.96 g (0.875 moles) of epichlorohydrin and 369.49 g of deionized water is charged into a 4- 
necked one liter reaction vessel fitted with addition funnel, thermometer, agitator and condenser. The 
E/A of the charge was therefore 1.75 and the reaction mixture contained 25% total theoretical solids. 

The temperature of the initial reaction mixture was 10°C, the pH was 8.14 and the 
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epichlorohydrin was added to the polya mine/water mixture with stirring over a period of 30 seconds. 
After 3 hours the temperature was allowed to rise slowly to room temperature overnight 

Eighteen hours after the reaction began the resultant solution was very clean pale yellow in color, 
the pH was 8.14 and the Gardner viscosity was A. The viscosity and pH did not change perceptibly 
during a further four hours so that the reaction was considered finished and acid was added to reduce 
the pH to 1.19. 

The reaction product had a Gardner viscosity of B~/B and the yield was 82.8% of theoretical. The 
epichlorohydrin conversion was calculated to be 65.996. 

The polymer, held at ambient temperatures (about 25°C), was found to be non-gelling at pH of 
about 11 to 12.5 for about 48 hours. By contrast a leading commercial wet strength additive, 
("S — 2064", produced by Hercules, Inc.) based on the same polyamine but reacted with 
epichlorohydrin at a E/A ratio below the transition ratio, gels in about 6 minutes at the same 
temperature and solids content 

The reaction was repeated essentially as described above at a number of E/A ratios and for each 
the gel time was measured. The gel time was then plotted against the E/A ratio and the graph 
appearing as Figure I was obtained. As can clearly be seen the transition ratio has a value of about 
1.60. 

The E/A (effective) calculated as described above was then plotted against gel time again using a 
semi-log graph and the results are shown in Figure II. From that it can be seen that the E/A effective at 
the transition point is about 1.12 or reasonably close to the theoretical 1.0 value. 

_ Example 2 

This Example describes the production of a perepiquat polymer by the reaction of 
poly(vinylbenzyldimethylamine) hydrochloride salt with epichlorohydrin. 

A reaction vessel was charged with 161.3 g (1.0 mole) of distilled vinylbenzyldimethylamine 
monomer and 400 g of deionized water. The temperature was maintained at 5 — 9°C. during the 
dropwise addition of 96.3 g (approximately 1 .0 mol) of 38% hydrochloric acid. 

The final pH was adjusted to 4.7 and the salt was freed from inhibitors by four extractions using 
fresh 30 ml portions of dichloromethane. 

The aqueous solution was then stirred in a four-necked flask overnight with air entrapment to 
remove traces of dichloromethane vapor. 

The flask was then fitted with stirrer, thermometer, condenser and the means to bubble nitrogen 
through the reaction mixture. To this mixture were added 5.0 g of ammonium persulfate. The weight of 
the reaction mixture was adjusted to 675.7 g (30% total solids). The reaction mixture was stirred and 
blanketted/sparged with nitrogen at 20°C. for 30 minutes before heating was begun. The temperature 
was then rapidly raised to 70°C. at which level it was held by air jet cooling. About an hour after 
reaction began the exothermic reaction subsided and the reaction mixture was maintained at 70° C. for 
a further two hours by external heating. 

The polymerization mixture was a clear light yellow solution and had a Gardner viscosity of about 
L at about 30% total solids. The pH at 25°C. was 1.36. 

The monomer to polymer conversion was calculated to be 100.9%. 

The polymer solution so prepared, which weighed 67.57 g and contained 20.53 g (0.100 amine 
monomer unit equivalents) of polymer solids, was placed in a reaction vessel with 1 3.52 g of deionized 
water and was neutralized by the dropwise addition of 36.0 g (0.018 equivalents) of 2.0% aqueous 
sodium hydroxide, with continuous stirring. 

The temperature of this mixture was 10°C. and the pH was 7.56. 

While the mixture was kept cooled and stirred 1 1 .1 g (0.12 mole) of epichlorohydrin were added 
over a period of 30 seconds. The temperature was allowed to rise slowly over a five hour period to 
20°C. at which time the pH was 8.48 and the Gardner viscosity was A7B" 

The reaction mixture was stirred at room temperature overnight and the following day the 
reaction was stopped by addition of 0.5 g of 96% sulphuric acid, thereby dropping the pH from 7.59 to 

The Gardner viscosity of the product was B~/B at a total solids of 24%. The percentage theoretical 
yield was 102.3%. Similar productions at different E/A ratios were carried out and in each case the gel 
time at a pH above 1 1 was determined in the manner described above. 

The gel times obtained were plotted against the corresponding E/A to give the graph appearing at 
Figure III of the Drawings. Again a period of rapid increase of gel time over a comparatively short range 
of E/A is observed. The transition ratio is estimated to be about 1.1. 

It is significant that this result is very close to the theoretical E/A ratio of 1 .00, showing that the 
conditions chosen were such that the side reactions tending to waste the epichlorohydrin reactant were 
disfavored by the reaction conditions. 

Example 3 

Essentially the same procedure as is described in Examples 1 and 2 is used to produce other 
additives according to the invention. The reactions are summarized in Table 1 below. 



10 



0016623 

Polymers of 1 — 3 are the same as those produced in Example 1 except for the E/A ratio. Polymer 
4 is basically the same as Polymers 1 — 3 except that the sulphuric acid salt is used in place of the 
hydrochloric acid salt to prepare the polyamine. 
Polymer 3 is that described in Example 1. 
5 Polymers 5 and 6 are derived from the reaction of poly(vinylbenzyldimethylamine)hydrochloride 
with epichlorohydrin using a process substantially as described in Example 2 adjusted to conform to the 
different E/A ratio. 

In each case the reaction was initiated at 10°C. and allowed to reach the higher temperature 
during the course of the reaction. Polymers 1 and 4 were raised to 40°C. after 19 and 24 hours of 
10 reaction time i.e., after the reaction was essentially complete. Prior to that the reaction temperature had 
been around 20°C. 
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(1) Moles epi/total amine monomer unit equivalents. 

(2) Total organics charged/resin solution weight (100) 

(3) General profile: initial pH 7.5 — 8.1, increasing to the max. value within 3—4 hours, then gradually 
falling off to 8.0. 

s (4) % T.S. found 

(5) (Experimentally determined total solids/theoretical total "solids" charged) x 100. 

(6) Determined as follows: 



to (Epi chg'd., g.)-(%DCP % T.S.%) (Prep. Wt., g.) (0.71 73) 

100 

Epi Conversion = — 1 x 100 (where 

Epi chg'd., g. 0.7 1 73 = MW Ratio EPi 

15 

DCP 



Example 4 

20 This Example describes the method by which the perepiquat polymers whose production is 

described in Example 3 were tested for wet strength and details the results obtained. 

In each case a pulp slurry of a 50/50 blend of bleached hardwood and bleached softwood Kraft 
fibers with a pH of 7.0 and a Canadian Standard Freeness of 457 was prepared. To volu metrically 
measured samples of this slurry were added, with stirring, measured aliquot amounts of one of the 

25 polymers produced in Example 3. Prior to addition to the pulp slurry the polymers, at concentrations of 
from 3 to 10%, were activated by the addition of 7.0 meq of 25% aqueous sodium hydroxide per gram 
of resin solids during 1 5 seconds. The mixture was stirred throughout the addition and thereafter at 
room temperature for one minute before being diluted to 1.2% concentration by addition of more 
deionized water. 

30 Enough of the activated resin solution was added with stirring to the pulp slurry to correspond to 

an application level of 5.0 kilos per metric ton. The treated pulp slurry was then allowed to stand at 
room temperature for 1 0 minutes before being made into hand sheets. 

The treated fibers were formed into a wet laid web with a press consistency of 36.1% and dried 
for 2 minutes at 96°C. The resulting 2.5 g 20.3 x 20.3 cm Noble and Wood hand sheets were left at 

35 constant temperature and humidity for one day before being cut into 2.5 cm x 20.3 cm strips and 
tested for tensile strength on an Instron Tensile Tester. Half of each group of samples was tested after 
being cured for 1 5 minutes at 90°C. in a circulating oven and then water soaked for 10 minutes. The 
other half omitted the curing process and thus represents uncured, "off-machine" test sheets. 

The results are set forth in Table II below. It should be noted that the polymers 1 and 4 where the 

<0 reaction temperatures were raised to 40°C. for 3 hours at the end of the reactions perform somewhat 
worse than the others that never exceeded 25°C. 

TABLE II 

45 WET TENSILE STRENGTH 

POLYMER WET TENSILE STRENGTH^ (gm/cm) 



50 



55 





Uncured (U) 


Cured (C) 


U/C Ratio 


1 


829 


989 


0.838 


2 


852 


1039 


0.820 


3 


893 


1102 


0.810 


4 


755 


979 


0.772 


5 


857 


1014 


0.845 


6 


857 


1034 


0.829 



65. 



•Average of 4 pulls on an Instron Tensile Tester. 
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Example 5 

This Example describes the results of comparing the wet strength efficiency of a commercial wet 
strength additive prepared by the prior art methods with a perepiquat polymer made using the same 
reactants but with an E/A above the transition ratio. 
5 Both polymers were produced by the reaction of poly(N-methyldiallylamine) hydrochloride with 

epichlorohydrin. The comparative example was "S — 2064", a wet strength additive supplied by 
Hercules, Inc. 

The polymer of the invention was "Polymer 3" described in Example 2. 
Both polymers were activated with caustic soda in the manner described in Example 4. 
10 The polymers were applied in the manner described in Example 4 except that the pulp had a 

Canadian Standard Freeness of 450. 

The results are set forth in Table III below. 

TABLE III 

75 

Comparative Wet Tensile Strengths* 
(gm/cm) 

Uncured (U) Cured (C) U/C Ratio 



Polymer 3 956 1102 .867 

S— 2064" 732 882 .830 



•Average Level 5.0 kilo^metric ton. Tensile strengths are average of 4 pulls on an Instron Tensile 
Tester. 

30 As can be seen from the above data, the perepiquat polymers have a vastly superior effectiveness 
as wet strength additives In addition to having a greatly extended gel time. 

Example 6 

This Example compares polymer 3 (from Example 2) to two commercial wet strength additives. 
3g Kymene 557 H and Kymene 557 M, for efficiency. "Kymene" is a Registered Trade Mark of Hercules 
Company. Kymene 557 H and 557 M are epichlorohydrin-bodied polyaminoamide resins of the kind 
described in U.S. Patents 2,926,116; 2,926,154; 3,058,873; 3,724,988 and 3,240,761. 

The test method was that given in Example 4 except that the pulp finish was 80% bleached 
softwood Kraft/20% bleached hardwood Kraft, the Canadian Standard Freeness was 550, and the basis 
40 weight was 0.31 1 kg/sq. meter (210 pounds/3300 sq. ft. ream). The pH of the pulp was 7 and the 
hardness was 100 ppm. 

Before addition to the pulp each polymer was activated in solution at 10 — 12% polymer solids 
using 7.0 meq/g of 50% aqueous sodium hydroxide followed by dilution to 5% concentration using 
deionized water. 

45 The wet tensile strength results obtained are given in Table IV. Each is the average of four pulls on 
an Instron Tensile Tester. 
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TABLE IV 

Wet Tensile Strength (gm/cm) 



Polymer 


Application Level 
kilos/metric ton 


Uncured 


Cured 


Polymer 3 


1.5 


1893 


1929 




3.0 


2840 


3108 


Kymene 557 H 


2.5 


1945 


2179 




5.0 


2661 


3000 




7.5 


2822 


3179 


Kymene 557 M 


2.5 


1572 


1822 




5.0 


2161 


2411 




7.5 


2358 


2661 



Thus, it can clearly be seen that Polymer 3 at 3.0 kilos/metric ton performs comparably in both 
2s cured and uncured tests to Kymene 557 H at 7.5 kilos per metric ton and much better than Kymene 
557 M at that level. Expressed differently the level of performance of Kymene 557 H is achieved using 
"Polymer 3" at only 40% of the Kymene 557 H application weight. 

Example 7 

30 This Example illustrates the versatility of the polymers of the Invention in producing a wet 

strength additive of the traditional type with enhanced effectiveness. 

In the reactions described below, a compound comprising a plurality of amine groups was added 

with stirring to a cooled dilute perepiquat polymer. In each case acid short-stopping was required when 

the viscosity began to build. 
35 It seems clear that these mixed polymers represent products somewhat similar to the polymers of 

the prior art in that the curing is the result of the reaction of "epi" groups contributed by the perepiquat 

resin with the amine groups on the amine polymer. 

The process for the production of the blends is summarized in Table V and the properties are set 

forth In Table VI. 
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to 



(1 ) Reaction product of dichloroethane with hexamethylene diamine in a ratio of 0.75:1 after halide has 
been removed from the amine polymer produced 

(2) Polyethylene imine (commercial) 

(3) N,N,^NMetramethyl-1,6-hexamethylene diamine 

(4) % Dichloropropanol at the total solids found. 

(5) Theoretical epiquat equivalents in the perepiquat polymer/amine equivalents in amine prepolymer. 

TABLE VI 

WET TENSILE STRENGTHS OF POLYMER BLEND CONDENSATES (1) 



Application Level 
Blend (kilos/metric ton) 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Uncured Tensile 
Strength (gm/cm) 



Cured Tensile 
strength (gm/cm) 



2.5 
5.0 
7.5 



2.5 
5.0 
7.5 



2.5 
5.0 
7.5 



2.5 
5.0 
7.5 



2.5 
5.0 
7.5 



2.5 
5.0 
7.5 



2.5 
5.0 
7.5 



493 
654 
763 



688 
843 
948 



557 
670 
686 



736 
843 
970 



436 
645 
757 



572 
822 
893 



552 
711 
800 



755 
922 
1011 



423 
664 
805 



614 
891 
1006 



475 
645 
779 



691 
882 
973 



480 
734 
857 



654 
897 
1009 



60 



65 



(1) Average of 2 pulls on an Instron Tensile Tester. 

The application and testing procedure was that outlined in Example 4. 

Example 8 

This Example illustrates the extreme temperature dependence' of the reaction to produce the 
perepiquat polymers. 

Two reactions were conducted side-by-side under substantially identical conditions apart from 
the reaction temperature. In the first, the reaction was initiated at 1 0°C. and allowed to rise no higher 
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than 13°C. In the second, the reaction was initiated and maintained at 25°C. 

The reactants in each case were epichlorohydrin and poly(N-dimethylaminoethyl- 
methacrylate.HCI salt) with an E/A ratio (charged) of 1.25 and the polymers were activated at 10% 
solids solution and room temperature using 25% NaOH at 7 meq/g. 

The polymer produced at 25°C. had a gel time of 230 minutes whereas the one produced at 
10 — 13°C. had a gel time of 1530 minutes. 

From these results it can clearly be seen that at the lower reaction temperatures the transition 
ratio had clearly been exceeded and a true perepiquat polymer obtained whereas at the higher 
temperature the transition ratio had still not been reached and the polymer failed to reach the same 
high level of stability that characterizes perepiquat polymers. 

Example 9 

This Example illustrates the temperature dependence of the sodium hydroxide-activated polymer 
produced in Example 1. 

Two samples of the polymer at 25°C. were adjusted to 1 0% solids concentration and activated to 
a pH of 12+, (autogenously decreasing to 1 1 during the course of the reaction), using caustic soda. 
The first sample was heated to 50°C. and the second was kept at 25°C. 
The first gelled after 1 5.33 minutes and the second after 4320 minutes. 
This shows the extreme sensitivity to temperature of activated perepiquat polymers. 

Example 10 

This Example illustrates the temperature dependence of the reaction by which perepiquat 
polymers are obtained. 

Three polymers A, B and C based on the reaction of epichlorohydrin with poly(N-methyldiallyl-" 
amine.HCI salt) are prepared at an E/A (charged) ratio of 1 .70. The initial reaction conditions were 
identical with the temperature 20° C. and the pH 7.82. 

Polymer A was produced at a reaction temperature that was reduced to, and maintained at 1 5°C. 
Polymer B was produced at a temperature that was raised to, and maintained at, 30°C. Polymer C was 
produced at 50°C. and held at that temperature until it was necessary to kill the reaction by the 
addition of acid to prevent gelation. 

Polymers A, B, and C, simultaneously activated as solutions with a 10% solids concentration 
using 25% aqueous sodium hydroxide, had gel times of 1710 minutes, 70 minutes and 4 minutes 20 
seconds, respectively. 

This clearly shows that the Polymer A was a true perepiquat polymer whereas Polymers B and C 
were not 

Example 1 1 

This Example describes the effect of temperature on the gelation time of a copolymer. 

A 50/50 molar copolymer of vinylbenzyldimethyiamine (partial hydroxide salt) with acryiamide 
was reacted with epichlorohydrin at an E/A of 1.20 under two different temperature conditions. The 
first reaction was conducted in essentially the manner described in Example 2. The second reaction was 
substantially identical except that the reaction was carried out at 25°C. 

The gel times for identically caustic activated 10% solids solutions of each were measured. The 
polymer produced under the conditions set forth above for the production of a perepiquat polymer 
gelled in 630 minutes whereas the one prepared at 25°C. gelled in 31 minutes. 

The above results indicate clearly that the presence of a comonomer does not interfere with the 
phenomenon described herein. 

Example 12 

One of the advantages of the perepiquat polymers of the invention is their compatibility with 
conventional caustic-activated wet strength additives. They can therefore be used to enhance the 
efficiency of such conventional additives without loss of any of their beneficial properties. 

This Example describes the effectiveness of blends of a perepiquat additive with a conventional 
additive in varying proportions. 

The first component of the blend was a perepiquat polymer obtained by a replication of the 
reaction used to produce Polymer 3 of Example 3 (above) with the minor difference that the reaction 
was initiated at 5°C. and was allowed to rise to 15°C. after 3 hours. The analysis of the reaction 
product showed a slightly lower conversion of epichlorohydrin. 

The second component of the blend was a commercial wet strength additive obtainable from 
Monsanto Company under the Registered Trade Mark "Santo-Res" 31 (SR — 31). This is a reaction 
product of epichlorohydrin and an amine prepolymer obtained by a process comprising the reaction of 
an alkylene diamine and a dihaloalkane. 

The perepiquat resin was used as a 20.7% total solids solution and the Santo-Res 31 as a 24.5% 
total solids solution. 

The components were blended to give the desired weight/weight ratios and then diluted to 4.0% 
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total solids concentration. The solutions were activated by addition of 7.0 meq/gram of 25% sodium 
hydroxide over 5 — 10 seconds. 

After one minute of stirring the activated solutions were diluted to 1.296 concentration of the 
activated additive blend using deionized water. 
5 These solutions were then screened for uncured and cured (15 minutes at 90°C. in a circulating 

air oven) wet tensile strength using standard "Noble and Wood" handsheet papermaking conditions. 
Three addition levels were used in the evaluation and the results are set forth in the following Tables 
VII. VIII and IX. 

"> TABLE VII 

ADDITIVE WET TENSILE STRENGTH EFFICIENCY COMPARISON 

UNCURED 



is Blend 

Wt.%of Wt.%of Summed Wet (3) % of 

PEQ (1) SR— 31 (2) Strength (gm/cm) Control 





100 (control) 


1929 


100% 


20 


80 


2209 


114.5% 


40 


60 


2406 


124.7% 


60 


40 


2499 


129.5% 


80 


20 


2672 


138.5% 


100 


0 


2692 


139.5% 



(1) "PEQ" indicates the perepiquat polymer component. 

(2) "SR — 31" indicates the Santo-Res 31 component. 

(3) This column is a cumulation of the average wet strength of three samples at each of three different 
levels of application: 2.5, 5.0, and 7.5 Kg of the blend per metric ton of paper substrate. 

35 

TABLE VIII 

ADDITIVE WET TENSILE STRENGTH EFFICIENCY COMPARISON 

CURED 

4Q. 

Biend 

Wt. % of Wt. % of Summed Wet %of 



45 



so 



PEQ 


SR— 31 


Strength (gm/cm) Control 


0 


100 


•2842 


100% 


20 


80 


3043 


107% 


40 


60 


3243 


114% 


60 


40 


3301 


116% 


80 


20 


3402 


120% 


100 


0 


3447 


121% 



The column headings in this Table have the significance set forth below Table VII. 

TABLE IX 

This Table sets forth the average ratio of uncured to cured wet strength for each blend at the three 
levels of addition used. It clearly shows that PEQ additives give a higher degree of development of wet 
strength without cure than do conventional additives. 
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TABLE IX 



UNCURED/CURED WET TENSILE STRENGTH RATIO 



m 


Wt.% 
PEQ 


Wt.% 
SR— 31 


Addition Level 
Kg/metric ton 


Uncured/Cured 
W.T.S. Ratio 


Average 
U/C Ratio 




0 


100 


2.5 


0.634 


0.673 


10 






5.0 
7.5 


0.662 
0.722 






20 


80 


2.5 


0.690 


0.722 


15 






5.0 
7.5 


0.721 
0.755 




20 


40 


60 


2.5 
5.0 


0.693 
0.781 


0.739 


25 






7.5 


0.744 




60 


40 


2.5 
5.0 


0.760 
0.776 


0.758 


30 






7.5 


0.738 






80 


20 


2.5 
5.0 


0.751 
0.794 


0.784 


35 






7.5 


0.806 






100 


0 


2.5 


0.819 


0.778 


40 






5.0 
7.5 


0.742 
0.774 





The results set forth above in Tables VII to IX show clearly that there is substantial advantage to 
** be gained by using the pereplquat additives in conjunction with known alkali-activated wet strength 
additives. This method provides a simple way of upgrading the wet strength characteristics of a paper 
without increasing the loading of wet strength additive. The addition of the perepiquat produces an 
almost linear improvement in wet strength at least at proportions below about 60 weight %, so that 
prediction of the amount of perepiquat additive required to attain a given wet strength is relatively 
simple. This is also a strong indication that the cure mechanisms of the components are independent of 
one another and that therefore the differences between perepiquat polymers and conventional 
polyamine/epichlorohydrin additives are not merely of degree but of kind. 

Example 13 

55 This Example explores the effect of dilution on the gel time with the object of finding whether a 

polymer prepared at the kind of temperature that is conventional in the prior art, (25°C. initially raised 
to 50°C.) has a gel time that compares to that of a perepiquat resin. For the sake of comparison a 
perepiquat polymer was obtained under Identical conditions except that the temperature was 
maintained at 5°— 10°C. 

50 Identical amounts of poly(N-methyldiallylamine hydrochloride salt), which had been separated 

from unreacted monomer, were reacted with identical amounts of epichlorohydrin at an E/A ratio of 
1.70 and a total solids concentration of 5%. The first reaction was initiated at 5°C. and allowed to rise 
to 10°C. over a 48 hour reaction time and the second was initiated at 25°C. and then raised to 50°C. 
for a 6 hour reaction period. 

66 At the end of each reaction the mixtures were acidified with identical amounts of sulphuric acid. 
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The yield of the first and second reactions were 84.2% and 81.1% respectively with corresponding 
epichlorohydrin conversions of 81.5% and 73%. 

Solutions of the two poiymers each containing 1 gm. of the polymer were concentrated to about 
8 gm of solution in vacuo on a Buchi Rotavaporator using a 250 mi round-bottomed flask, a 30°C. 
water bath and an aspirator vacuum of 1 5 mm of mercury. The resin solutions were each diluted to 9.3 
g with deionized water and transferred to 10 ml. beakers. 

To each stirred solution was added 0.88 ml. of 25% aqueous sodium hydroxide over a period of 5 
seconds. These activated solutions were set aside at room temperature and observed for viscosity 
increase leading to gelation. 

The polymer prepared at 5 — 10°C. (perepiquat polymer) gelled after an average of 1 583 minutes 
whereas the polymer produced at 25 — 50°C. gelled after an average of 6 minutes 40 seconds. 

It would appear therefore that producing the polymers at low dilution does nothing to reduce the 
differences between perepiquat polymers of the invention and those polymers prepared at 
temperatures of the processes of the prior art. 

Claims 

1 . A process for the production of a water soluble, cationic, thermosetting polymeric wet strength 
additive, which comprises reacting an epihalohydrin and a polymer having a backbone formed of 
repeating segments at least 10 percent of which comprise an amine group and/or partial salts thereof, 
substantially all of said amine groups being tertiary amine groups pendant from the polymer backbone 
and having the structure 

Q~N~Z 

where ~Z is the number of bonds through which the nitrogen is linked directly, or indirectly through a 
hydrocarbyl radical, to the backbone; ~Q is the number of bonds by which the tertiary nitrogen atom is 
linked to groups selected from methyl and an alkylene group that together with the nitrogen provides a 
heterocyclic group, with the limitations that Q is an integer from 0 to 2 and Z + Q is always 3; 
characterized in that the reaction is carried out at a temperature of 20°C. or less and the ratio of 
epihalohydrin groups to tertiary amine groups reacted is not less than the ratio (the transition ratio) at 
which the gradient of the graph of gel time against the said ratio goes through a maximum for the 
reaction conditions selected. 

2. A process according to Claim 1 in which the amine-corrtaining polymer comprises at least 50 
molar percent of units derived from N-methyldiallylamine, or at least 50 molar percent of units derived 
from vinylbenzyldimethylamine. 

3. A process according to either of Claims 1 and 2 in which the transition ratio is less than 1 .8. 

4. A process according to any of Claims 1 to 3 in which the epihalohydrin is epichlorohydrin. 

5. A process for the production of a water-soluble, cationic, thermosetting polymeric wet strength 
additive, which comprises reacting, at a temperature of from -5 to 20°C, epichlorohydrin and a 
polymer selected from the group consisting of poly(N-methyldiallylamine), 
poly(vinylbenzyldimethylamine) and poly(N,N-dimethylaminoethylmethyacrylate), at a pH of from 4 to 
9.5 and a total solids percentage figure for the reaction mixture of from 10 to 50 percent, the 
conditions being selected such that the ratio of epichlorohydrin to tertiary amine groups in the reaction 
components is not less than the ratio (the transition ratio) at which the gradient of the graph of the said 
ratio against gel time goes through a maximum, and the transition ratio is less than 1 .8. 

6. A process for improving the wet strength of a fibrous cellulosic substrate which comprises 
base-activating a polymer produced by a process according to any of Claims 1 to 5, applying said 
polymer to said substrate, and allowing the polymer to cure in contact with the substrate. 

7. A water-soluble, cationic, thermosetting polymer comprising a backbone formed of repeating 
segments, at least 10 percent of which comprise an amine group, wherein 

A. substantially all the amine containing groups are pendant from the backbone segment and 
have the structure 

Z 

Q^N©— R 

where ~Z is the number of bonds through which the quaternary nitrogen is linked directly, or indirectly 
through a hydrocarbyl radical, to the backbone segment; ~Q is the number of bonds by which the 
quaternary nitrogen is linked to groups selected from methyl and an alkylene group that together with 
the nitrogen provides an heterocyclic group, with the limitation that Q is an integer from 0 to 2 and Z + 
Q is always 3; and R is selected from 
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0 

/\ 
— CH 2 — CH— CH 2 



and — CH 2 — CH(0H)CH 2 X 



5 where X is a potential anion; and 

10 rufure 10% S ° ,,dS S0,Ut ' 0n 0f the P 0| y mer ' n water at 25°C. and a pH of 1 1 does not gel for at least 
8. A polymer of Claim 7 In which at least 10% of the repeating units have the structure 



to 



75 



20 




where Y e is an anion and R is as defined above. 

9. A polymer of Claim 7 in which at least 10% of the repeating units have the structure: 



30 




©I 3 
— N — R 

I 

3 yQj 



Wh6re i# 1 L? 3 ' Y VZ, a ? anion ' and " 18 as d «fl"«i above. 

10. A polymer of Cairn 7 in which at .east 10% of the repeating units have the structure: 



45 



50 




©I 3 
- N - R 

CH 0 



Y 0 



55 



60 



65 



where Y e is an anion, and R is as defined above. 

11. A polymer according to any of Claims 7 to 10 that is a homopolymer. 

12. A process for improving the wet strength of a fibrous cellulosic substrate, which comprises 
applying to the substrate a polymer according to any one of Claims 7 to 1 1, and allowing the polymer 
to cure in contact with the substrate. 

1 3. A process according to Claim 1 2 in which the polymer Is applied at a level of 0.5 to 20 kilos of 
polymer per metric ton of the substrate. 

14. A process for improving the wet strength of a fibrous cellulosic substrate, which comprises 
forming a solution of a mixture comprising from 1 0 to 90 weight percent of a polymer according to any 
one of claims 7 to 11 and from 90 to 10 weight percent of a polymer formed by reacting an 
epihalohydrin with an amine polymer under such conditions that the ratio of epihalohydrin to tertiary 
amine groups in the reaction components does not exceed the ratio at which the graph of the said ratio 
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against gel time goes through a maximum, activating the mixture at a pH of about 10 to 13, applying 
the activated mixture to the substrate, and allowing the polymers to cure in contact with the substrate. 

1 5. A process for improving the wet strength of a fibrous cellulosic substrate which comprises 
forming a solution of a mixture comprising from 1 0 to 90 weight percent of a polymer according to any 

5 one of Claims 7 to 1 1 and from 90 to 10 weight percent of a compound having a plurality of amine 
groups, raising the pH of the solution to about 10 to 13 to activate the mixture, applying the activated 
mixture to the substrate, and allowing the polymer component of the mixture to cure in contact with 
the substrate. 

16. A process according to either of Claims 14 and 15 in which the mixture is applied to the 
to substrate at a level of from 2 to 20 kilos per metric ton of substrate. 

Revendications 



1. Precede pour la production d'un additif de resistance a I'etat humide polymere thermo- 



15 durcissable, cationique, soluble dans I'eau, qui consiste d faire rSaojr une epihalohydrine et un polymere 
ayant un charoente formSe de segments se r6p6tant dont au moins 10% comprennent un groupe 
amine et/ou ses sels partiels, sensiblement tous les groupes amines etant des groupes amines tertiaires 
pendant a partir de la charpente de polymere et ayant la structure: 



ou ~*Z est le nombre de liaisons par I'intermediaire desquelles I'azote est lie directement, ou 
indirectement par I'intermediaire d'un radical hydrocarbyle, d la charpente; ~Q est ie nombre de liaisons 
par lesquelles t'atome d'azote tertiaire est lie* a des groupes choisis parmi le groupe methyle et"un 

*s groupe alkylene qui, avec I'azote, fournissent un groupe h$te>ocyclique, avec ies limitations telles que Q 
est un nombre entier de 0 a 2 et Z + Q est toujours 3; caracttrise* en ce que la reaction est r6alis6e d 
une temperature de 20°C ou moins et le rapport groupes epihalohydrines/groupes amines tertiaires mis 
a reagir n'est pas inf6rieur au rapport (rapport de transition) pour lequei le gradient du graphique du 
temps de gel par rapport a ce rapport passe par un maximum pour les conditions nSactionnelles 

30 choisies. 

2. Precede selon la revendication 1, dans lequei le polymere contenant I'amine comprend au 
moins 50% en mole d'unit6s provenant de N-methyldiallylamine, ou au moins 50% en mole d'unites 
provenant de la vinylbenzyldim6thylamine. 

3. Proc§d§ selon ia revendication 1 ou la revendication 2, dans lequei ie rapport de transition est 
3S inferieur a 1,8. 

4. Procedd selon I'une quelconque des revendications 1 a 3, dans lequei repihalohydrine est 
I'epichlorhydrine. 

5. Proce*d$ pour la production d'un additif de resistance a I'etat humide polymere, thermo- 
durcissable, cationique, soluble dans I'eau, qui consiste £ faire reagir, a une temperature de -5 a 20°C 

40 I'epichlorhydrine et un polymdre choisi dans le groupe se composant de poly(N-methyldiallylamine), de 
poly(vinylbenzyldimethylamine) et de poly(methacrylate de N,N-dim6thylaminoethyle), a un pH de 4 a 
9,5 et pour un chiffre de pourcentage de solides totaux pour le melange r6actionnel de 10 a 50%, ies 
conditions etant choisies de manure telle que le rapport epichlorhydrine/groupes amines tertiaires dans 
les composants r6actionnels n'est pas inferieur au rapport (le rapport de transition) pour lequei ie 

45 gradient du graphique de ce rapport par rapport au temps de gel passe par un maximum,' et le 
rapport de transition est interieur § 1 ,8. 

6. Procddd pour amSliorer la resistance a I'Stat humide d'un substrat cellulosique fibreux, qui 
consiste a activer par une base un polymere produit par un proc6d6 selon Tune quelconque des 
revendications 1 i 5, a appliquer ce polymdre a ce substrat et & laisser le polymdre cuire en contact 

50 avec le substrat 

7. Un polymdre thermodurcissable, cationique, soluble dans I'eau, comprenant une charpente 
form6 de segments se rdpetant, dont au moins 10% comprennent unjjroupe amine, ou 

A. sensiblement tous les groupes contenant une amine sont pendants a partir du segment de 
charpente et ont ia structure: 



20 



Q-N-Z 



55 



Z 

I 

Q~N® — R 



60 




65 
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0 

— CH 2 — CH — CH 2 et — CH 2 — CH(0H)CH 2 X 

ou X est un anion potentiel; et 

B. una solution a 1 0% de soiides du polymdre dans I'eau a 25°C et a un pH de 1 1 ne se g6lifie pas 
pendant au moins 1 0 heures. 

8. Polymere sefon la revendication 7, dans lequel au moins 1 0% des unites se rdpdtant ont la 
structure: 



10 



15 



20 



-CH CH- 



•CH„ 



CH 0 CH„ 

2 \<=>/ 2 

N 



CH. 



,0 



ou Y e est un anion et R est comme ddfini ci-dessus. 

9. Polymere selon la revendication 7, dans lequel au moins 10% des unites se rdpdtant ont la. 
structure: 



30 



38 




ou g est 1 a 3, est un anion et R est comme ddfini ci-dessus. 

10. Polymdre selon la revendication 7, dans lequel au moins 10% des unites se rdpdtant ont ia 
40 structure: 



45 



50 




ou Y e est un anion et R est comme ddfini ci-dessus. 

11. Polymdre selon Tune quelconque des revendications 7 a 10, qui est un homopolymdre. 

1 2. Procddd pour amdliorer la resistance a I'dtat humide d'un substrat cellulosique fibreux, qui 
consiste a applfquer au substrat un polymdre selon Tune quelconque des revendications 7 a 1 1, et a 
laisser ie polymdre cuire en contact avec le substrat 

13. Procddd selon la revendication 12, dans lequel le polymdre est appliqud d un niveau de 0,5 d 
20 kilos de polymdre par tonne de substrat. 

14. Procddd pour amdliorer la resistance d I'dtat humide d'un substrat cellulosique fibreux, qui 
consiste d former una solution d'un mdlange comprenant 10 d 90% en poids d'un polymdre selon I'une 
quelconque des revendications 7 d 1 1 et 90 d 1 0% en poids d'un polymdre formd par rdaction d'une 
dpihalohydrine avec un polymdre d'amine, dans des conditions telles que ie rapport 
dpihaiohydrine/groupes d'amine tertialre dans les composants rdactionneis ne depasse pas le rapport 
pour lequel le graphique de ce rapport par rapport au temps de gel passe par un maximum, d activer le 
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melange d tin pH d'environ 1 0 d 1 3, d appliquer le melange active* au substrat et £ laisser les polymeres 
cuire en contact avec le substrat. 

15. ProcSde* pour ameMiorer ta resistance a l'6tat humide d'un substrat cellulosique fibreux, qui 
consiste a former une solution d'un melange comprenant 1 0 d 90% en poids d'un polymdre selon Tune 

5 quelconque des revendications 7 a 1 1 et 90 d 10% en poids d'un compose ayant plusieurs groupes 
amines, a augmenter le pH de la solution jusqu'a environ 10 a 1 3 pour activer le melange, a appliquer le 
melange active au substrat et a laisser le composant polymSre du melange cuire en contact avec le 
substrat. 

16. Procede selon Tune quelconque des revendications 14 et 15, dans lequel le melange est 
10 applique" au substrat a un niveau de 2 a 20 kilos par tonne de substrat. 



Patentanspruche 

15 1. Verfahren zur Herstellung eines wasserldslichen kationischen waVmehartbaren polymeren 
Nafcfestigkeits-Additivs, wobei ein Epihalogenhydrin und ein Polymer mit einer Grundstruktur aus 
wiederkehrenden Segmenten, wovon mindestens 10% einen Aminrest und/oder Teilsalze davon urn- 
fassen, wobei im wesentlichen alle Aminreste tertiare Aminreste sind, die am polymeren Grundgerust 
anhaften und die Struktur 

20 

Q-N-Z 

besitzen, worin ~Z die Anzahl der Bindungen darstellt, durch die der Stickstoff direkt oder indirekt durch 
einen Hydrocarbylrest an das Grundgerust gebunden 1st ~Q die Anzahl der Bindungen ist, durch die das 

25 tertiare Stickstoff a torn mit Gruppen verbunden ist, die unter Methyl und einer Alkylengruppe ausge- 
wahlt sind, die zusammen mit dem Stickstoffatom eine heterocyclische Gruppe schafft, unter den 
Beschrankungen, daS Q elne ganze Zahl von 0 bis 2 ist und Z + Q immer den Wert 3 hat umgesetzt 
werden, dadurch gekennzeichnet, daS die Reaktion bei einer Temperatur von 20°C oder weniger 
durchgefuhrt wird und das Verhiltnis von Epihalogenhydrin-Gruppen zu umgesetzten tertiaren Arnin- 

30 gruppen nicht geringer ist als das Verhaltnis (das Ubergangsverhaltnis), bei welchem der Gradient der 
Auftragung von Gelzeit gegen das genannte Verha*ltnis durch ein Maximum geht fur die ausgewahlten 
Reaktionsbedingungen. 

2. Verfahren nach Anspruch 1, in welchem das aminhaltige Polymer mindestens 50 Mol.-% an 
Einheiten enthalt, die sich vom N-Methyldiallylamin ableiten oder mindestens 50 Mol-% an Einheiten, 

35 die sich vom Vinylbenzyldimethylamin ableiten. 

3. Verfahren nach einem der Anspruche 1 und 2, in welchem das Obergangsverhaltnis weniger als 
1,8 betragt. 

4. Verfahren nach einem der Anspruche 1 bis 3, in welchem das Epihalogenhydrin Epichlorhydrin 

ist. 

40 5. Verfahren zur Herstellung eines wasserldslichen kationischen w3rmehartbaren polymeren 
NaSfestigkeits-Additivs, wobei bei einer Temperatur von -5 bis 20°C Epichlorhydrin und ein Polymer 
aus der Gruppe von Poly(N-methyldiallylamin), Poly(vinylbenzyldimethylamin) und Poly(N f N-dimethyl- 
aminoethylmethacrylat) bei einem pH-Wert von 4 bis 9,5 und einem Gesamtprozentgehalt an Fest- 
stoffen fur das Reaktionsgemisch von 10 bis 50 Prozent umgesetzt werden, wobei die Bedingungen 

4 * derart ausgewahlt sind, dafi das Verhaltnis von Epichlorhydrin zu tertiaren Amingruppen in den 
Reaktionskomponenten nicht geringer ist als das Verhaltnis (das Obergangsverhaltnis), bei welchem der 
Gradient der Auftragung des genannten Verhaltnisses gegen die Gelzeit durch ein Maximum geht und 
das Obergangsverhaltnis weniger als 1 ,8 betragt 

6. Verfahren zur Verbesserung der Na&festigkeit eines faserartigen Ceiiulose-Substrats, wobei ein 
50 nach einem Verfahren gemaS der Anspruche 1 bis 5 hergestelltes Polymer basenaktiviert wird, das 

Polymer auf das Substrat aufgebracht wird, und das Polymer in Kontakt mit dem Substrat ausgehartet 
wird. 

7. Wasserlosliches kationisches warmeh^rtbares Polymer, welches ein Grundgerust aus sich 
wiederholenden Segmenten enthalt, wovon mindestens 10 Prozent einen Aminrest umfassen, worin 

55 A. im wesentlichen alle aminhaltigen Gruppen an dem GrundgerQst-Segment anhaften und die 
Struktur 

Z 

I 

so Q~N®— R 

besitzen, worin ~Z die Anzahl der Bindungen darstellt durch die quaternarer Stickstoff direkt oder in- 
direkt durch einen Hydrocarbylrest an das Grundgerust-Segment gebunden ist, ~Q die Anzahl der Bin- 
dungen ist, durch die der quaternare Stickstoff mit Gruppen verbunden ist, die unter Methyl und einer 
66 Alkylengruppe ausgewahlt sind, die zusammen mit dem Stickstoffatom eine heterocyclische Gruppe 
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schafft, mit der Beschrankung, dass Q eine ganze Zahl von 0 bis 2 ist und Z + Q immer den Wert 3 hat 
und R ausgewahlt ist unter 

0 

— CH 2 — CH — CH 2 und — CH 2 — CH(OH)CH 2 X 

worin X ein potentielles Anion darstellt und 

B. eine 1 0%-ige Feststoff-losung des Polymers in Wasser bei 25°C und einem pH-Wert von 1 1 
fur mindestens 10 Stunden nicht geiiert. 

8. Polymer nach Anspruch 7, worin mindestens 10% der wiederkehrenden Einheiten die Struktur 
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28 




aufweisen, worin Y e ein Anion ist, und R der voranstehenden Definition entspricht 

9. Polymer nach Anspruch 7, in welchem mindestens 10% der wiederkehrenden Einheiten die 
Struktur 



30 
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40 



-E 



CH 0 - CH 




aufweisen, worin g einen Wert von 1 bis 3 darstellt Y e ein Anion bedeutet und R der oben genannten 
Definition entspricht. 

10. Polymer nach Anspruch 7, worin mindestens 1 0% der wiederkehrenden Einheiten die Struk- 

48 tur 



50 



55 



-CH 2 - C 



O - C 

I 



CH 



O - C 2 H 4 -®A - R 



CH„ 



so 



68 



aufweisen, worin Y e ein Anion ist und R der vorstehenden Definition entspricht. 

11- Polymer nach einem der Anspruche 7 bis 10, welches ein Homopolymer ist 

12. Verfahren zur Verbesserung der Nafifestigkeit eines faserartigen Cellulose-Substrats, wobei 
auf das Substrat ein Polymer nach einem der Anspruche 7 bis 1 1 aufgebracht wird und das Polymer in 
Kontakt mit dem Substrat ausgehfirtet wird. 

13. Verfahren nach Anspruch 12, In welchem das Polymer in einer Menge von 0,5 bis 20 kg 
Polymer pro Tonne des Substrata aufgebracht wird. 
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14. Verfahren zur Verbesserung der NaSfestigkeit eines faserartigen Cellulose-Substrats, wobei 
eine Losung eines Gemisches gebildet wird, welches 10 bis 90 Gew.-% eines Polymers nach einem der 
Anspruche 7 bis 11 und 90 bis 10 Gew.-% eines Polymers, welches durch Umsetzung eines Epi- 
halogenhydrins mit einem Aminpolymer unter derartigen Bedingungen gebildet wird, da& das Ver- 

5 haltnis von Epihalogenhydrin zu tertiaren Amingruppen in den Reaktionskomponenten nicht das Ver- 
haltnis uberschreitet, bei welchem die graphische Auftragung des genannten Verhaltnisses gegen die 
Gelzeit durch ein Maximum geht, umfa&t, das Gemisch bei einem pH-Wert von etwa 1 0 bis 1 3 aktiviert 
wird, das aktivierte Gemisch auf das Substrat aufgebracht wird, und die Polymere in Kontakt mit dem 
Substrat ausgehartet werden. 

to 1 5. Verfahren zur Verbesserung der NaSfestigkeit eines faserartigen Cellulose-Substrats, wobei 

eine Losung eines Gemisches gebildet wird, welches 10 bis 90 Gew.-% eines Polymers nach einem der 
Anspruche 7 bis 1 1 und 90 bis 10 Gew.-% einer Verbindung mit einer Vielzahl an Amingruppen 
umfaSt, der pH-Wert der Losung auf etwa 10 bis 13 zur Aktivierung des Gemisches erhoht wird, das 
aktivierte Gemisch auf das Substrat aufgebracht wird, und die Polymerkomponente des Gemsiches in 

15 Kontakt mit dem Substrat ausgehartet wird. 

1 6. Verfahren nach einem der Anspruche 1 4 und 1 5, in welchem das Gemisch auf das Substrat in 
einer Menge von 2 bis 20 kg pro Tonne des Substrats aufgebracht wird. 

20 
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